Abstract : CO 2 stripping by aeration raised the pH of wastewater in a reactor, and a stainless steel device for accumulating struvite for recovery was submerged into the reactor. This device consisted of four mesh baskets having different heights and diameters. The feces-and-urine-separated swine wastewater and the swine wastewater treated by a solid/liquid separation swine wastewater (S/L SSW) were fed to the reactor. From the swine wastewater, the crystallization efficiency was 65%, and 8.2% crystallized P in the influent was recovered as struvite. From S/L SSW, the crystallization efficiency was 83%, and 26.7% crystallized P in the influent was recovered as struvite. For example, at a PO 4 -P surface load of 2 kg/m 2 , 0.7-0. 9 kg/m 2 of struvite was recovered from wastewater, whereas from S/L SSW 3 kg/m 2 of struvite was recovered. This is because the surface area of accumulation device was enlarged, and because the recovery efficiency was improved by the removal of Suspended Solids (SS) using the S/L separator and raising the pH improved recovery.
Introduction
Swine wastewater, which contains high concentrations of phosphorous, has been considered a major pollution source in livestock farms, and has contributed increasingly to the eutrophication of water bodies. Japanese law requires the reduction of phosphorous concentrations in wastewater to the legal limit before the water can be discharged into public waters (HAGA, 1998) . Therefore, feasible and effective swine wastewater treatment technologies are required for nutrient pollution control. Furthermore, P is a valuable and limited resource, while the known reserves of phosphate rocks will be depleted by the end of this century if the acceleration of demand is not reduced (SHU et al., 2006) .
In Japan, a lot of pig farms have installed fecesand-urine-separation-type piggeries, and a biological treatment for swine wastewater using an activated sludge treatment system has been developed (HONDA, 2007) . We investigated the quality and amount of swine wastewater from fecesand-urine-separation piggeries and examined the possibility of recovering phosphorus from swine wastewater using struvite crystallization (KAWA- MURA et al., 2011a) . We confirmed this possibility, although the soluble PO 4 -P concentration was low.
Once the pH of swine wastewater rises to 8-9, PO 4 , Mg, and NH 4 become crystallized, forming struvite (MAP : magnesium ammonium phosphate) (BORGERDING, 1972 ; NELSON et al., 2003) .
Several reactors for removing and recovering phosphorus from swine wastewater have been designed (BOWERS and WESTERMAN, 2005a, b ; LARIDI et al., 2005) . One of these has dual functions : crystallization through aeration and separation of crystallized struvite by settling (SUZUKI et al., 2002) . The pH of wastewater increases with aeration because of CO 2 stripping (WAKI et al., 1987 ; BATTISTONI et al., 1997 ). An experimental struviterecovery device was designed, and its performance has been evaluated (SUZUKI et al., 2005) .
In the recovery method using the accumulation device, surface area of the accumulation device is very important. The surface area must be determined based on the phosphorus concentration of the wastewater. But the relationship between the influent phosphorus load and the amount of recovered struvite in these reports was not clear.
In the present study, a column-type and feedbin-type reactor were developed with stainless steel struvite accumulation devices installed in the reactors. The wastewater pH values were elevated by CO 2 stripping, and the struvite crystallization process was performed with Mg 2＋ addition. The objectives of this study were to recover phosphorus from feces-and-urine-separated swine wastewater with a struvite accumulation device, and to evaluate the performance of this proposed method.
Materials and Methods

1. Swine wastewater
Feces-and-urine-separated swine wastewater was obtained from the Livestock Industry Technology Station, Kanagawa Agricultural Technology Center, and was treated by a solid/liquid separator (JUSTEC Tonpara separator LP model).
Feces-and-urine-separated swine wastewater, hereafter called simply "wastewater", was used for all experiments with the column-type reactor. S/L SSW was used for all experiments with the feedbin-type reactor.
Reactor design and operating conditions
A crystallization reactor was made with a feed bin and poryvinil chloride (PVC) pipe. The column-type reactor was used to remove and recover phosphorous with crystallization by aeration. The feed-bin-type reactor was used to remove and recover phosphorous with the dual functions of crystallization by aeration and settling.
Based on information from previous studies (KAWAMURA et al., 2011b (KAWAMURA et al., , 2011c , a column-type reactor was designed.
The column-type reactor consists of only an aeration column. Swine wastewater was fed to the column and aerated continuously. A solution of 30% MgCl 2 (bittern) was dropped at a rate of 0.8-1.3 L/day･m 3 into the aeration column (Fig. 1) .
The operating conditions of the reactor during the experimental period are shown in ) and that in the total reactor (2 m 3 ) were 1.8 and 5.5 hours, respectively.
Three coarse air-bubble diffusers were mounted to the bottom of the reactor to provide diffused aeration for mixing and CO 2 stripping.
Influents and effluents were collected periodi- 
4. Chemical analysis
The samples from the influents and effluents of the reactor were centrifuged at 3,000 rpm for 10 min, and the supernatants were analyzed as sol- 
Results and discussion
1. Crystallization of phosphorous
The feces-and-urine-separated swine wastewater was treated by a solid/liquid separator.
This treatment decreased the concentrations of BOD, COD, SS, and total N, but pH increased from 7.7 to 7.9 ( Table 2 ). The SS concentration decreased from 1,163 mg/L to 523 mg/L.
The effects of aeration intensity on struvite crystallization and PO 4 -P removal and recovery in the reactor with wastewater and S/L SSW were studied. The reactor increased the pH of the aeration column by CO 2 stripping, and effluent pH was raised from 7.8-7.9 to 8.2-8.3 (Table 3) Although the effluent pH value of S/L SSW was a little higher than that of wastewater, the aeration intensity of the aeration box was lower than that of the aeration column. The reason for this was that the SS concentration was decreased by the solid/liquid separator. The effluent pH value of S/L SSW was raised when aeration intensity was lowered slightly.
2. Effects of the submerged depth and the diameter of the accumulation device on the amount of recovered struvite
The effect of the submerged depth of the accumulation device in the reactor on the weight of recovered struvite is shown in Fig. 2 . This is a re- Therefore, to increase struvite attachment, it is important to install the baskets in the center of the accumulation device.
Struvite recovery experiments with accumulation device
To recover struvite, an accumulation device was constructed of stainless steel wire mesh, and its efficiency examined. The results of eight experiments are shown in Table 4 . In all experiments, the accumulated struvite could be scraped off easily with only a light brushing, and its purity was approximately 96%. However, the amount of recovered struvite varied among experiments.
From wastewater, 8.2% crystallized P in the influent was recovered as struvite. With S/L SSW, 26.7% crystallized P of the P in the influent was recovered as struvite.
The amounts of crystallized PO 4 -P were 5.6 and 5.8 kg from wastewater and S/L SSW, respectively, and the latter yielded three times more than the former. The purity of recovered struvite was high in both cases (96-98%). The results of struvite recovery experiments with the accumulation device are shown in Table   5 . Influent PO 4 -P with swine wastewater was 5.3-14.8 kg, while influent PO 4 -P with S/L SSW was 2.6-11.6 kg. 
